Abstract Hypernuclear physics has become very exciting owing to new epoch-making experimental data. The recent progress in theoretical and experimental studies of hypernuclei and discussion about the future development in this field are presented.
Introduction
One of the main goals in hypernuclear physics is to understand the baryon-baryon interaction. The baryonbaryon interaction is fundamental and important for the study of nuclear physics. In order to understand the baryon-baryon interaction, two-body scattering experiments are the most useful tool. For this purpose, many N N scattering experiments have been done and the total number of N N data are more than 4,000. However, due to the difficulty of performing two-body hyperon(Y ) Within the programs among (i) to (iv), the author's role is to contribute to (iii) and (iv) using an accurate three-and four-body calculation method developed by the author and her collaborators. In the next section, we will discuss Y N spin-orbit force and three-and four-body structure of 9 Be and 13 C, and interaction and double hypernuclei. On the basis of the strategy mentioned in Sect. 1, we have obtained information about the spin-spin, spin-orbit and tensor terms of Y N interaction from the study of S = −1 hypernuclei. As an example, the case of the study of Y N spin-orbit force is explained.
In the Y N interaction, there are two kinds of L S forces, symmetric L S force (SL S) and antisymmetric L S(AL S) force, defined by
where s and s N are the spins of and N , respectively. The AL S force vanishes in conventional nuclei because of the Pauli principle. On the other hand, the AL S force is produced in hypernuclei since no Pauli principle works between and N . Historically, it is well known that the AL S force differs between meson theory and the constituent quark model [1] . For instance, the quark model of the Kyoto-Niigata group [2] predicts that the strength of the AL S amounts to approximately 85% of that of the SL S with the opposite sign. On the other hand, the meson based interaction of the Nijmegen group [3, 4] generates much smaller strength in the AL S, some 20 − 40 % of that of the SL S with the opposite sign. It is important to extract information about these L S forces from the study of the structure of hypernuclei.
For the study of spin-orbit force, 9 Be and 13 C are very useful. Recently, in high-resolution γ -ray experiments, BNL-E930 [5] and BNL-E929 [6], the spin-orbit splitting energies of 9 Be and 13 C were measured. Namely, the one (E930) observed γ rays from the decay of the 5/2 Before the measurements, we predicted those energy splittings in [7] . We took an α + α + three-body model for 9 Be and an α + α + α + four-body calculations for 13 C. We employed two types of Y N spin-orbit force, namely, the Nijmegen meson-theory based Y N interaction and the Kyoto-Niigata group's quark based Y N interaction mentioned above. The predicted energy splittings of 9 Be and 13 C are listed in the second and third columns of Table 1 . In both nuclei, the splittings given by using the quark based L S force is significantly smaller than those using the meson based L S force.
Recently, experimental data for these energy splittings of 9 Be [5] and 13 C [6] have been reported to be 43 ± 5 and 152 ± 54 ± 36 keV, respectively as shown in Table 1 . We see that the predicted energy splitting using the quark-model based spin-orbit force can explain both data. On the other hand, the predictions using the meson theory based one are much larger than the data.
The reason why the meson theory based Y N interaction generates large spin-orbit splitting in the case of 9 Be is as follows: Using the SL S force only, the splitting energy is 140-250 keV depending on the five models in the Y N interaction: it is not so small value. When the AL S force is included, the AL S with the opposite sign of the SL S reduces this splitting. But, the strength of the AL S in the case of Nijmegen model, 20-40% of the SL S as mentioned before, is not enough to reproduce the observed data. On the other hand, in the quark model, the AL S is strong enough to reproduce the data. Therefore, we suggested that there are two paths to improve the meson based model; one is to reduce the SL S strength and the other is to enhance the AL S strength so as to reproduce the observed spin-orbit splittings in 9 Be and 13 C.
Recently, a new Y N interaction based on meson theory was proposed by the Nijmegen group (ESC06) (T. A. Rijken (2006) , private communication); they proposed a reduced strength of the SL S. Using this potential, we obtained, as shown in Table 2 , the energy splitting in 9 Be to be 98 keV in the case of the SL S only and 39 keV with including the AL S, which is in good agreement with the data. Hiyama et al. [7] using the meson-theory based N spin-orbit force [3, 4] and the quark-model based one [2] . Experimental values are taken from [5] for 9 Be and from [6] for 13 C
